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ABSTRACT
The performance of iris recognition systems is significantly
affected by the segmentation accuracy, especially in non-
ideal iris images. This paper proposes an improved method
to localise non-circular iris images quickly and accurately.
Shrinking and expanding active contour methods are con-
solidated when localising inner and outer iris boundaries.
First, the pupil region is roughly estimated based on his-
togram thresholding and morphological operations. There-
after, a shrinking active contour model is used to precisely
locate the inner iris boundary. Finally, the estimated inner
iris boundary is used as an initial contour for an expanding
active contour scheme to find the outer iris boundary. The
proposed scheme is robust in finding exact the iris bound-
aries of non-circular and off-angle irises. In addition, oc-
clusions of the iris images from eyelids and eyelashes are
automatically excluded from the detected iris region. Ex-
perimental results on CASIA v3.0 iris databases indicate
the accuracy of proposed technique.
1. INTRODUCTION
Biometrics is a reliable method for the automatic iden-
tification of individuals based on their physiological and
behavioral characteristics such as face, fingerprint, palm-
print, gait, iris, retina, and voice. Among all the biomet-
rics, iris has shown to be one of the most accurate traits
for human identification due to its richness and stability
in texture [1]. A significant challenge in iris recognition
is ability to automatically localise the iris image from an
image or video sequence of an individual before recogni-
tion occurs. As a consequence, much research has been
conducted on iris segmentation in recent years. The ma-
jority of iris segmentation scheme used today are based
on two methodologies which were published by Daugman
[2] and Wides [3], [4]. Daugman’s approach of extracting
the iris from an image of the eye is based on the integro-
differential operator acting as a circular contour detector.
On the other hand, Wildes et al. used a circular Hough
transform to detect the inner and outer boundary circles of
the iris. Iris segmentation algorithms based on Daugman’s
and Wildes’ methods have proved to be robust and sta-
ble through commercial products under controlled envi-
ronments. Variations of Daugman and Wildes approaches
have been adopted by almost all other researchers for iris
segmentation to have more intelligent searching methods.
However, when dealing with non-ideal iris, the assump-
tion of a circular or elliptical iris and a common centre
point of the iris and pupil are not correct. Performance in
iris recognition is significantly improved by relaxing both
of these assumptions [5]. An excellent scheme to cope
with arbitrary shape of the iris is describing iris bound-
aries in terms of active contours.
In 1999, Ritter was the first researcher to propose seg-
menting the iris based on the use of active contour models
[6]. The method uses a circular active contour to evolve
to the real boundaries by searching for the equilibrium of
two defined forces: an internal force and external force.
Active contours have also been considered for non-ideal
iris segmentation in Daugman’s latest paper [5]. He de-
scribes the iris inner and outer boundaries in terms of an
active contour, based on a discrete Fourier series expan-
sion of the contour data. Most recently, Ross and Shah [7]
propose using Geodesic Active Contours, which combine
the energy minimisation approach of classical snakes and
the geometric active contour based on curve evolution.
In this paper, we propose an improved scheme fusing
shrinking and expanding active contour models to find the
inner and outer iris boundaries. The advantages of fusing
are numerous. A shrinking active contour model is strong
when approximate boundary is known. In an iris image,
the inner iris boundary can be estimated due to its differ-
ent intensity level in comparison with other regions. So a
shrinking active contour model is suitable to find the inner
iris boundary. However, the outer iris boundary is much
more difficult to estimate due to much weaker difference
in intensity with other regions and due to occlusions by
eyelids and eyelashes. As a result of this, a shrinking
active contour is weak here. Here an expanding active
contour model shows robustness. The detected inner iris
contour can be used as an initial contour for expanding
model to spread out to find the outer iris boundary. By
exploiting expanding active contour models, eyelids and
eyelashes have a much greater chance of being automat-
ically excluded. The remainder of this paper is organ-
ised as followed. Active contour models, both shrinking
and expanding models are briefly introduced in Section
2. Section 3 describes our fusing techniques of shrinking
and expanding active contour models. Section 4 explains
the experiments and results on CASIA v3.0 iris databases.
Finally the paper is concluded in Section 5.
2. ACTIVE CONTOURMODEL - SNAKE
2.1. Traditional shrinking snake model
The concept of the active contour was introduced by Kass
et al. in 1987 [8]. A snake or an active contour is defined
as a parametric curve which moves itself into a position
where its energy is minimised. The snake is represented
by v(s) = (x(s), y(s)), where s represents the length of
the curve s ∈ [0, 1]. The snake energy is defined as,
Esnake =
∫ 1
0
[Eint(v(s)) + Eext(v(s))] ds,
whereEint(v(s)) represents the internal energy,Eext(v(s))
represents the external energy of the snake.
The internal energy is used to control the deformabil-
ity of the snake, and is written as,
Eint =
1
2
(
α(s)
∥∥∥v′(s)∥∥∥2 + β(s)∥∥v”(s)∥∥2),
where the first-order derivative
∥∥∥v′(s)∥∥∥2 controls the ex-
pansion of the deformation curve as it controls the elas-
ticity of the snake. The second-order derivative
∥∥v”(s)∥∥2
controls the bending of the curve as it represents the rigid-
ity of the snake. α(s) and β(s) are the coefficients to con-
trol the influence of elasticity and rigidity.
The external energy Eext(v(s)) is composed of image
energy and constraint energy. The image energy is used to
represent the structure data of the image such as intensity
and gradient value. For example, in the case where edge
of image is of interest, image energy can be defined as,
Eimg = −k(s) ‖∇ [Gδ(x, y) ∗ I(x, y)]‖2,
where Gδ(x, y) is a Gaussian function of standard devia-
tion δ, I(x, y) is image intensity function. The derivative
of the convolution is maximised in edge location. The
constraint energy is attributed to some form of high level
image understanding [8].
Using the Euler method, the condition for energy func-
tion minimization is expressed as,
α(s)v”(s)− β(s)v””(s)−∇Eext = 0.
If the Euler equations are approximated by finite differ-
ences, the solution can be found by solving the following
two matrix equations,
Ax+ fx(x, y) = 0
Bx+ fy(x, y) = 0
whereA is a pentadiagonal banded matrix, x and y are the
new snake coordinates, and fx, fy are defined as,
fx(x, y) =
∂Eext
∂x , fy(x, y) =
∂Eext
∂y .
In discrete time, the next coordinates of snake can be cal-
culated as,
x(t) = [I −A∆t]−1
[
x(t− 1)−∆t ∂Eext∂x(t−1)
]
y(t) = [I −A∆t]−1
[
y(t− 1)−∆t ∂Eext∂y(t−1)
]
2.2. Expanding snake model
The snake model that Kass et al. introduced in [8] was
further developed by Laurent D. Cohen [9]. The snake that
Cohen proposed works the same as the snake proposed
by Kass et al., except for the evolving direction. While
Kass et al. snake shrinks, Cohen’s snake expands. The
expansive behavior is achieved by modifying the values
of fx, fy as followed,
fx(x, y) = k1n(s)− k ∇Px‖∇Px‖
fy(x, y) = k1n(s)− k ∇Py‖∇Py‖
where n(s) is the unit principal normal vector to the curve
at point v(s), and k1 is the amplitude of this force.
→
n (s) = (y
′
,−x′ )√
(x′ )2+(y′ )2
and ∇Px = ∂Eext/∂x,∇Py = ∂Eext/∂y, while k con-
trols the influence of normalised external forces.
3. THE IRIS SEGMENTATION ALGORITHM
3.1. Inner iris boundary localisation
Fig. 1. Pupil localisation for S1010R01 image in CA-
SIA 3.0 iris database. (a) 2D median filtered iris im-
age; (b) Black and white image after thresholding; (c)
Morphology-applied image to exclude eyelash, initial
contour is chosen by boundary circle (d) Inner iris bound-
ary after 329 iterations of evolvement of a shrinking active
contour.
To detect the inner iris boundary or pupil boundary, a
2D median filter is applied to the image in order to smooth
the image as well as eliminate unexpected noise. After
being smoothed by the non-linear filter, the eye image is
converted into black and white image using a threshold of
M+25 where M is minimal intensity value of the original
grayscale image.
Even though a median filter can eliminate noise, the
presence of eyelids in the black and white image could
obscure the pupil. Therefore, a morphological scheme is
applied to eliminate unwanted regions. Our method ap-
plies an opening operation followed by a closing opera-
tion. An opening with a disk-shaped structuring element
will eliminate unwanted eyelid and noise regions, while a
closing with a disk-shaped structuring element will recon-
struct the pupil circle which may be distorted by noise.
The estimated circle is not the exact inner iris bound-
ary, so it’s used as an initial approximation of the inner
iris boundary. Moreover, the estimated circle is usually
located slightly inside the real boundary, so the circle for
initial circular contour is used with the same coordinate
and bigger radius. Here a radius r + 5 is chosen for the
initial circular contour, where r is radius of the estimated
circle.
According to the non-circular and non-elliptic prop-
erty of a pupil, a shrinking active contour is chosen to find
the real inner iris boundary in this situation. Because of
the dark intensity of the pupil region, a shrinking active
contour is robust and stable in finding the inner iris bound-
ary.
The traditional shrinking model uses equations in Sec-
tion (2.1) for evolving. ∂Eext/∂x(t−1) and ∂Eext/∂y(t−
1) represent the effect of edges on the evolving steps, greater
values show sharp edges and vice versa. However, when
dealing with the iris, the effect level of this external forces
is different for different properties of databases. There-
fore this forces need to be more flexible. In addition, the
effect level on the x and y axis is also different. Prominent
edges such as eyelids could also exist. Here we propose
using different weighed coefficients for external forces:
x(t) = [I −A∆t]−1
[
x(t− 1)− k1∆t ∂Eext∂x(t−1)
]
y(t) = [I −A∆t]−1
[
y(t− 1)− k2∆t ∂Eext∂y(t−1)
]
where k1, k2 are weighed coefficients. Choosing k2 slightly
smaller than k1 makes active contour robust to horizontal
edges resulting from the eyelids.
3.2. Outer iris boundary localisation
Finding the outer iris boundary is more challenging than
the inner boundary because intensity differences between
the iris and the sclera is usually not as strong and the outer
iris boundary is usually occluded by the eyelids and eye-
lashes.
To detect the outer iris boundary, an expanding active
contour scheme is exploited. However, the iris edge is not
the same in different directions. Usually the iris edges on
the left side and in the right side are weak. So a vertical
edge enhancement technique is applied before implement-
ing the expanding active contour. A Sobel vertical edge
detector S = [1 0 -1;2 0 -2;1 0 -1] is used for the left and
right side for iris edge enhancement. After that, the inner
iris boundary is used as an initial contour for evolvement.
Evolving steps are described in the following equations,
Fig. 2. Outer iris localisation for S1007R01 image in CA-
SIA 3.0 iris database. (a) Original image; (b) Segmented
outer iris boundary.
x(t) = [I −A∆t]−1
[
x(t− 1)−∆t
(
k1
∇Px
‖∇Px‖
+k2
y
′
(t− 1)√
(x′(t− 1))2 + (y′(t− 1))2
)]
y(t) = [I −A∆t]−1
[
y(t− 1)−∆t
(
k1
∇Py
‖∇Py‖
+k2
−x′(t− 1)√
(x′(t− 1))2 + (y′(t− 1))2
)]
where∇Px = ∂Eext/∂x,∇Py = ∂Eext/∂y.
When dealing with derivation inEext, instead of using
a traditional discrete derivative scheme, we propose two
different field derivative operators,
Dx =[1 1 0 -1 -1;1 2 0 -2 -1;1 2 0 -2 -1;1 2 0 -2 -1;1 1 0
-1 -1], Dy =[1 2 1;0 0 0;-1 -2 -1].
The horizontal operator Dx is proposed based on the hor-
izontal Sobel operator. The extension of this horizontal
operator helps to weight more heavily vertical edges in
order to make snakes stop at the correct iris vertical edge.
4. EXPERIMENT RESULTS
Results of experiments conducted on the well-known CASIA-
Iris v3.0 iris database [10] are shown in Table 1, Table 2
and Table 3. For pupil localisation, the modified Shrinking
Active Contour Model with morphological preprocessing
yields a 100% inner iris segmentation result. For outer iris
boundary, a 99.2% outer iris boundary segmentation result
has been recorded. These results outperform both the tra-
ditional Daugman’s integro-differential operator and Wildes’
circular Hough transform.
The advantage of the active contour is the generation
of a more accurate contour of the iris boundaries than can
be achieved with using circular and elliptic approximation
based boundaries. Figure 3 and Figure 4 show fine de-
tected iris boundaries achieved by the proposed method.
Table 1. Performance of Shrinking Active Contour Model
(SACM) on pupil localisation
SACM SACM Modified
without with SACM
morphology morphology with
morphology
CASIA-Iris 95.2% 98.8% 100%
Table 2. Performance of algorithms on pupil localisation
Integro- Hough Proposed
Differential transform
CASIA-Iris v3 98.81% 95.77% 100%
Table 3. Performance of algorithms on outer iris bound-
ary localisation
Integro- Hough Proposed
Differential transform
CASIA-Iris v3 98.81% 95.77% 99.1%
Fig. 3. Inner iris contour by (a) Hough transform; (b) Pro-
posed methods. For non-circular iris, the proposed active
contour fusion proved to be more robust in segmentation.
Fig. 4. Outer iris contour with severe occlusion from eye-
lashes for S1066R01 image in CASIA 3.0 iris database.
(a) Original image; (b) Segmented iris boundaries.
5. CONCLUSIONS
In this paper, we have described an effective approach for
iris segmentation. Two different coefficients have been in-
troduced to the traditional shrinking active contour model
to make it flexible to different edge effects in different
axes. Fusing the techniques of shrinking and expanding
active contour models has been proposed for robust iris
segmentation. Experimental results have shown that the
proposed method achieves encouraging performance for
improving the segmentation accuracy for use in a non-
circular iris recognition system.
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